METHOD FOR MANUFACTURING NITRIDE CRYSTAL OF GROUP III ELEMENT, 
NITRIDE CRYSTAL OF GROUP III ELEMENT OBTAINED BY THE SAME, AND 
SEMICONDUCTOR DEVICE OBTAINED BY USING THE SAME 
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Abstract of JP2004300024 

PROBLEM TO BE SOLVED: To provide a 
method for manufacturing a nitride crystal of a 
group III element by which the carrier 
concentration can be easily controlled, the 
nitride crystal of the group III element obtained 
by the method, and a semiconductor device 
obtained by using the nitride crystal. 
SOLUTION: The method for manufacturing the 
nitride crystal of the group III element includes 
a process for growing the crystal by reacting 
the group III element, nitrogen and a dopant in 
a melt containing an alkali metal in an 
atmosphere of a gas containing the nitrogen- 
containing gas and the dopant. As the group III 
element, at least one selected from, for 
example, Ga, Al and In can be used. 
COPYRIGHT: (C)2005,JPO&NCIPI 
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mmmcrMM] 
[ 11*111] 

uimTtmmmm^wm-m^Th^x , mm (n) iir*#xjo±tf F-^yh^tf 

[ 11*112] 

tuIEK— ^^>"h2r#0^^\ t/y^y (SiH,) . (S i 2 H 6 ) N f h5 

xf;^7> (Si (C 2 H 5 ) 4 ) . hV^^iyyy (SiH (C 2 H 5 ) 3 ) . H 2 S. 
H 2 Se, H 2 Tei5it/Ge H 4 fr65r*S0»&aBi§;h.i*l«fl»< t i> — ?£-^tfff*rl 

i fciea^iHtfirife. 

WES* ( N ) mm ( N 2 ) jfZ.tS&tfTV*:-T1fX ( NH 3 ) <9*J*3r< fc 

i>^T £#trf!t*JS 1 2 fciMJtoW&Sfffi. 
[ff*If4] 

flWeilliiTC***. Ga, A l fcit/l n*>^5rSSf36>^SS#i§itS^< fcfc— otfc 

[ 11*115] 

«IS a B a ±(cMiaillK^«a^«S B B B ^M B l^ft§-ti:-&it*iI 1 a>64tf>vv$Yu&»t=iB» 

WIBBISft* 1 . fflJfcSA l u Ga v I n|.„.,N (fc/JU OSuSU OSvSl. u + 
v^ltftl.. ) "Cfs § ft £ If *II 5 IBtE^Sit . 

[ 11*118] 

i Cfflg. S iK«^iy ; 'GaAs*«^^^^^>A,®iF:§^-S l ff*Il7(Ciatl^Mig 
[|f*II9] 

[»*imo] 
[it*imi] 

am. 

[ 11*5112] 

MtaniKTciRMttiSsi.^)^^ u rmm.tK 5 x 1 0 18 c m-3jaTc**iii*JH 1 

Ittiaill^SM^^^fc^^ixS^cOjll^, 1 X 1 on cm-s^TT-feSIf*!! 

1 2cov^ix*Hciatfe««jt*ffi. 
[|f*II14] 

ti*ii 1 j&»s> 1 3<ov^-«i3&»fcietfc^>iBS*ffi. 

[SW&B15] 

n*»fciB««*5£ t ± 0 1 1 1 ttrcXSMftgtgiA £ JfcKS 6 k £llrtf 1 1 1 K7U«Sfbft 
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[fi:£lfl6] 
[BW&B17] 

nBiumitmmMm&vfc&mmw 1 6 tie*c7)iii«7t»^« 1 p B . 

^-v'JTig^ 5X1 O 18 cm-3J^T'C*)SfS*JSl 6ifcl41 7 CKttWII I«7U« 
[ff*iI19] 

Ttmmma^ t mm $ tix v > a 1 1 1 RrcsafHMiR . 

IIIRTHSH-fEftSHKi: LTffifflT"^ Sffsfcif 1 6*>fe 2 0^Vvf^tciE»<aiIiaS7C* 
SMUHMSA. 
[ff*IJ?22] 

s&k, ^ftm?z^tsmim2 2izimcv¥mimw« 

[lt*l!24] 

¥-mfomt, mm^fom±.tzBf&zivfz¥mfom?tzffiz&^#mwT$)-?T. it 
?stm i 6 *>i?> 2 1 tfn ^*»tie»^i i i^«SMM£AT-*6¥^fl^a. 

[»*IM25] 

Mte¥^**?^\ K 4 fcfcKfc*^ FT*4fll*JH 2 3 4 JtJi 2 4 

[f|HJ«f»r§iHj§] 
[0001] 

tikx/^K^m^tz^mw-^mzmth . 

[0002] 

sfby y w(GaN)^ t'^m^7c«a^^ft^#: («7A in^fus^ 

cotmfcUTaBsnTv^*. m&x&Kt&i'—vyjx-Y (ld) ig&sftr 
< x?^f-vxrw£j£ffl§;fx. a/£»fe3e*«-r4&«3e^-f (led) 

[0003] 

LD^LEDffl«IIIj£S*ffi«^#: (Wi.«T, G a N ) COXMH, 5I?S, Jfvfflx 
b'^df i^/Mfcft HVPEffi) ti-oTffM^ixTV^. HVPEgCfifflf 

4»3--«*H6te*SOTfcwr$-. H6<Z>§6!11«\ =G3SRlWf2i:, 531606*2* 

^«A^-f4aL |§2^#Xa»A*-h4b^ SKWf— hi:*q(BttS*lTV^ft. 
Jft 1 CD#\X#A*°- h 4 a*^J4. JS^?J<^Xi:*^XJ:O^^X^»A§n.|.o 
m2^X^A*f-h4b^^ii, ry^-T^Xt^^t^ii^X^A^fLS 

CT>%xmA#- h4aHGa EffcO V -X*"- h tC»A$ il . *fk# U ^ A £ ■£ 
£. ^OiM^'U^At, H2tfO^#A^-b4 b^SASftfcTV^E-TfctfRjC 
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[0004] 

E LOG (Epitaxial lateral overgrowth) 'feifiV^^tlX^^h , Z\<Djj&lZ Xtllf „ (e 
ti«J*£ 1 O 5 c m-2~ 1 0 6 c m-»gK*TTIf 4 £ ffiRXS*«S0fT2b 

[0005] 

1 77a t mJ2LhT&4fctf>„ G a N SaEffl-Cf£*S-fr4fcftt<i 1 2 0 0°CT8 0 

0 0 a tmCDgkfttf&^tZtlX^tz., iixtML. jfi^. Na77 7^X^MuS;i: 
T\ 7 50°C. 5 0 atmt^olkmWi&iSLi^T'GaN&^mX'Z&ZttfW^MZZ 
fitz, 
[0006] 

ftjfiT'Ji, rv*— r*-fttffi*^»HJRTfciJl'^ , CGai:Nai:<OS#**8 0 0 
•C. 5 0 a t mTlfMS-^. <l£Offl>ii$& fflWt 9 6 BSHWlMSllSIBrC, fl^S.Pa+M X*» 
1. 2mmSgO*feWl^iltV^ . £tz. t7r^7SS 

JitWf^^JKIivfBJ&ft (MOCVD : Metalorganic Chemical Vapor Deposition) jStCj; 
^XGa.N^m^f^mitzcO'h. WS^M (LPE : Liquid Phase Epitaxy) mz£-r> 

[0007] 

J: 3 fc, f 7 r ^ 7lI±OfitW^ffl«Iffi (MOCVDffi) ^> 
**fMWMfflS£8; (HVPES) &fc'^fflxt^^;Pj£*&£jS^-C, 111*75 

[WffcfclKl] &M2 002-29369 6^8 
[0008] 

[isa^s^-r^^^s] 

[0009] 

Gtsmm* tza^r. m mitm t mmm t mi h< > v t ^sje § ; t c ± o 

[0010] 
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jtr4ifc3&»T*4. Lte&ix. m^s^iummmmm&i: . &^xhxwm 

[0011] 

*%m<F>Wkftmz^X . BUlEb-^yMi. Mi.tr. Si. S. Se. Te, Ge 
W*>W%*U ffi L<iiS i . Setfe^ J:0KL<liSitl)0, 1 
SSTffiffl LT ^ . 2«EGLhfc0fflL/tfcJ:^. liEb'w^ b£irtf#Xii. Mifcf 
. t/y^y (S i H 4 ) „ i/isyy ( S i 2 H 6 ) . ff7Xf;l/y7> (Si ( C 2 H 6 
) 4 ) , hyxf/l-y^y (S i H (C 2 H 6 ) 3 ) . H 2 S. H 2 S e . H 2 Te&J;tfGe 
H 4 ^&{f fft L<(i^y^5V (SiH t ) . yy?y ( S i 2 H 6 ) . H 2 ST 
f>*). £<0%-£L<li±S^7> ( s i H 4 ) T$>*). lWH-CttffltTfc. 

[0012] 

T*A"$-&2pt£* Mifcf. f*arr-S»^» (N) ^ifXfc V-^>bbZ 

M^LTSA^&^^&Wf^So OTE^UTirxtLTti. Miff. *«if.x ( 

H 2 ) . MM (N 2 ) ^Stt^X (Wi«S\ Ar. He. Ne|) ^&ffifflT§. d 

■^beoMKW:, MitT, 1 0 Oppm-l 0 0 0 0 OppmtM. MIEJ?HM 
4>tfcftS hcOWk&te. Mitf. 10ppm-10000ppmti&5. 

[0013] 

WLfammco k-avi^, witr. saire»**3wMr* v r^xx^r u y^L^f* 

yMcJniT. pI«K- ^VK WiH'. t'x^^a-^y^^'x-^^^'^v-^A (C 
p 2 Mg : H#c) ^fcffifflTSi. 
[0014] 

*%mcnwm-jj : mzt5v^x . mssea (n> -tr*#xii. wi«r. <n 2 > 
t>^-t (nh 3 ) ifxwififowhti. ^-ftifr—^fr-zmmLxh. M&Lxmm 

l/tfciH. ^O^T'^, S*(N 2 ) #Xt7yt-7 (NH 3 ) ifXt^M-^-LTffiffl 
[0015] 

x 1 Oi8cm-3JilT-C3bO. #4L<iil x 1 O 13 cm-3\;XYTfcZ><, JfimviXI&im 

b-^y b **tr#^«aui*3tffiEfl:s-tt-« z t x\ M&iimo** v rm&ttmm 

*^VTmm-mmkA,t^£Y^&?tnhc\ttfX'izh> mMwrnajmn* 
^oTmm-ftmz^xiz. saws. mmim7mmmm&<F>**vTW<m$. w 

[0016] 
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[0017] 

*%>mcommumiznY>T . mmumitmm-itm^^z^tihmmcomm^Mm-t 
mmz «t *)mm£<mw-ri> z t s . mimimTtmmmm^z^tiximm 

<?5«flB4, Mitt. 1 X 1 0" cm" SOTTED. if^L<(41 x 1 oi6 C m-31ilTT-$> 

=t D*?4L<<ii x 1 015 cm-3y,TX'fo&„ mzumTcmmikmimz-trtiiz, 
wmnmmz. mm, «sw»rt*^fc3iffi««fci-« 

fcgEfcJOIWIIH-Siifcj&frC&S. Sri>. ItiKfe^ogSlvtls^ s IMS ( 

[0018] 

*W»0Mi»5riSfc:*iVvc. fuiBiii$OT*{±. Wit*. Ga, AltJjtfl n^'fe 
fffitl.^t»iLi\ *»Sg^CB^t, miSiiil^TcS^Ga-C'feDs mr 

EI IIK7G*SM15HWSJI#G a NOSfJiTifc Sit **** U*. 
[0019] 

Jf*L<» HllfSffllSiPafi. Miii\ iMAl n Ga, I n x . u . v N (fc*fU OSuSl 

, osvsi, u+vsit*s. ) Tm.zri&mmzmm't&ztmtt lw 

[0020] 

*$tmcowm-%mz&\,->x , iuib«ish,^\ ±&»Rj:fciM3:ft.'o>4£fcj& i i?* 1 

#!l;tt£. *tl#JlMfflJ&K5£ (MOCVD : Metal Organic Chemical Vapor Deposition 
) » ^fiXt^^fy-a ( MB E : Molecular Beam Epitaxy) . ;W KSvnMJI 

m (hvpe) ^w^fts. Miea^oMj:. uimmx-hhztmjtUK 

[0021] 

fl3fW6K, GaAsSS, SiSt, SiCit, MgOSt, Z n Og&K^tfiMf $>tl 

, iff* L<W7r-iriI, miJoaKSMtSflHKr**. 
[0022] 

[0023] 

(Li ) fcJt^y^A (K) *^W^. KKiitb'JW (Na)T*{ 
. £;h.&lil»CttfflLTt>, 28SUa±*0fffll/tt>J:v>. 
[0024] 

HS-ft-trifc^ffiU^. H>rlET;L'*u±a^M^ LTii. Miff. (Ca) 

, Vi^i^A (Mg). <U 'J^A (Be), xfnyfW ( S r ) fciV'A'iJW 
(Ba) *^ff^tt, tiKii^/ly^A (Ca) „ Xhnyf->A (S r ) tSitfA 
'JW(Ba) -CftO, ±9*f*L<{i#/l^A (Ca) i*l^,l4lWC*E 

[0025] 

, mtii . latm^lOOatmOTIlxl. 0 1 3 x 1 0 B P a £Ml 1 0 0 
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xl. 0 1 3X 1 0 B PalilT) CD^fflXfo*). tit£L<\Z. 5 a t mSrffii 8 0 a t m 
OT(5X1. 0 1 3 X 1 0 5 P a SrSx. 80X1. 013X1 0 5 P aJ2TF> OttHtT* 
•9. i L<(S, 2 0 a tmSrSx. 6 0 a t mlXF (20X1. 013X1 0 6 Pa 

2rtai. 60X1. 013X10 5 P aJilT) O^HT^S . 
[0026] 

*«W«lBS*ffifc:titt4 Jiflfefettli. WiHT. 6 o o°c- 1 o o owfflfrch "3 . 
HL<li70 0°O~l 0 0 or^feETC&y . i 9#?4L<«i:8 0 Ot-9 5 orwiE 

[0027] 

, mzmmtvt. mm, im&M&Rims&m (mocvdsi *#*fls«iWBjs 
nfhtih* mm, mmj&&:m*m^fcm&. mm ( n > *r^*t»#H«+r. r 

[0028] 
[0029] 
[0030] 

^Bjoiii^7cfgaM*s B ^cr.^-v y rmm&. mm, 5 x 1 0 18 c m-sjaTT* 

0. »4 L<i41 x 1 0 18 cm-3OTT"$>l>„ irfc, M&jmii. ffi&>k "5T»« . 
[0031] 

^i*«4L<, Wi.tr. ^^yr?»«wT%ffitoi/5f-giy.±5f§iiiT-r'*s^i:^ 

^urmmco^^m (mm, m&5 0umz:ti / z5ffiffiw&) b&&Mz&^xm%.L 
tt*VTWj&t<mpMtt*iBafc*h. ^-rVTm&ttmz. mm, kcoxoizlx 

fi«rsysL^^yr?iJK*a!j^«t LTffiffl-fSii:^*f4 tv\ oyt, isn^w 
e u x./fy/^ff^ itriEW*M(s . ays t v « naff » tz ± o siai&e-f & c: t 

t ^tm t 4 £ t tfx & s . 

[0032] 
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h#wn iM7tmw.imm& t £ t mm t < , «s B B B ±^ f-^°> h^#*iii^ 

>^ b IlK7cSa-(LWSB B B«J¥^ii. WiK . l/xm-lOOOx! mTfo 0 . #F4 
L<[i5wm-5 0 Ox/mT-fcO. i^KKIil 0 0 mt'fcS „ 

[0033] 

^%m^u\m7tmmm>»m^i. \umjtmmmmMb Lxmrnxz 4 . 

[0034] 
[0035] 

4 ¥#ttSHT* -5 T . nflB^»#:«^*»HH»I I I^x*S4W§ B B B -C* 4 £ t nEflffi 
[0036] 

[0037] 
[0038] 

M^2 2t. y-^ffl^';P7"2 3t. *S B B B ffB!c*tfa^A6«*Mr2 5h. F-«yb 
fc^^&JttfXOh'-^y htfAfy? 2 7fc^Iil, 0 ISf 2 5iD|*J§P«±. 
U-X«3&2 4!WE»&*U Xr->\sA&&24iZl±* *BJft2 63i«H=y h§^LTV^. MIB 
*ff*R2 6l±. mm. frtvy-fj V (BN) ^>T;P5^ (A1 2 Oj) TffMSflT 

*§^2 5i*i«&£{i. Miii\ 6 0 0—1 0 0 o°Cfc:fMfflrc£4. #HMEi)«i 

, J±^lfi»£s2 2 C ±-5t, Mitex lOOatm (100X1. 013X1 0 5 Pa) 
lilTs0Sffll*Ifc*iJ»-C#4. =Sr*3. «M*F2 5, Xfy^^24. BVftXX?>?2 

1 1 25 1 Sr-^ <"E«t3 <ttx k h tfx ? y? 2 7 1 mm*F 2 5 1 <• 

ffitfti, «itf, xfvwi (susi) s r^5tSoffl, Ifl^tJ; DffM£*vt 
v^;t^?4Lo„ fiTFC .roWJfcilBfcffl^fc, M B B B ^«-M^ov^-Cl^t-4 

[0039] 

a* (N) v-^yh (mta. sihj ^#t?;g^^«t5. M 

£infc7c*ii, m&tfZR^&^mmzmtxmtRtsfL. mm. mtotfv*?j*(vmgi 
asg^'x (n 2 ) , ry^-TA'x (nh 3 ) ta^cs. ttr 

t2S*^'IHSi7C*M^«S B B B ^S»}®t*4, ifi^tf;*^ mm. 
T'#l n §^Tx-fypx^2 4rt^^§tL4. iOi-SCLT. iii^TcStSSi: 
£RJ£§ii\ IIIlJg^SMl3»£#j£S-£4. 
[0040] 

mp2. 5mz&jg&£ttxTyi'X®m2 4:ftcD]±f}$:mm-f&<, -et-c. ®s.r B fcmria 
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tf^f&-ft&J;V :j t<D&Jji / z£-oX^k-tZ>ti\ w*.tr, o crc-i o o o°c, ff 

Mlatm(lxl. 013X1 O 6 Pa)— lOOatrn (100x1. 013x1 
0 5 P a ) m&VHi&tffthtlh „ 
[0041] 

i 0> J: 3 LT , III KTcSSfltftM tftiifcsWSi. =flriJ, III K7cSSfl2ttg 

5X 1 0 18 cm- 3 iilTT-&^T. RXOMK&l X 1 0 1 ? c m-3J£rpC*«IHft 

[0042] 

[0043] 

A'-3 1 i^!3 2 t^ii^Stlf 3 O^fe, 5atm(5Xl. 0 13X1 0 5 P 

a) e&f&kmX-ktih ioisSr^Tv**. lrtfcli, Sn«fflcob-^3 3 

^'ffia§^TV^|, 0 ftyA'-3 1ll V-y3 0 0a, 300b, 30 0ci^|,3 
OW— V^^«jS;$fLTfc 0 , fM'W:l±it)ft3 4a, 34b, 3 4c^'K'9fttt 
htiXvih^ 3o<0V-yii s AKKHft^O. rc^JRtSi d^fiJtPSfx-r^D. r 

, b-^3 3*^^MW?gATi>-t^Kiii-ri>^^iea$ni>„ tui&«m*F 

3 0, »*'M?3 5^J;t»-vyvs'-3 1(4, Mx(f, xfywi (susS) i>it/T 

n> s ^<?)*m£ 4 o ttx v ^ i k mm 

[0044] 

jP'(j«3 5«rta5fc«, mikfrvm (bn> ^5r&±tfi®3 6^iEB$nTv^ tt*ii 

0J4*Rfflje»3 8t:K"5ft(t6*tS. *K1 0«, MUS. Ell (a) Hz^tX 

S. i*^«SBc«t*fc, iM&^fflgl 0*fflRffl^»3 8fc:H^r#6. -ksmi o 
{4, HH^E-^3 9atl±-DT|lIlE$fLS. iffe«3 7«2, Ifffl«Tn^7 4 O^'gil 
tll.iaC^TV^. 70^.54 011 [Ute^-^3 9b£J:oTllRS;h.*. 
StE*J#*, 1 0 a t m ( 1 0 X 1 . 0 1 3 X 1 0 5 P a ) J2TFC*4*£li, 31 

S^Bfc*— » 1 0 a t m ( 1 0 x 1 . 013X1 0^ Pa) J£LhT&4* 

-£«4, . JHBSWr* (JCPMf;*) t4, *'x?y?4ii> 

ioft^Sft^o #H*wr^<OJEEftli, EftiHHM2fcJ:oT§ISE$;h,*. #HM#x(± 

-;^H4, Y-^>Ytix?>? AAirbm&Zti. Z<nHX(r>mh\±. KtiMm^A 

[0045] 
[0046] 

7W, GaWl iS^9 9. 9 9 9 9% (W^X^M » JjLh£)i>0£Gytf-& 

a - r * •/ 9 x T N a £ JUS* t TIBS L , StffiB RflSHKr if £■ BfcS-f S d t (c 

4 -5 X N a CDffiS? Ht -5 £ i: & S . V- y^T-f-^lCiotNa^ ft M L T 

/-yj7r^y/ftll f- j.-^WNa^ItMtll'fbtS:^ DjM-Tit fc 
4oT, 3fWW£WfflS-ti\ «t£H*r*£fcfc.J:oTNa«0ira*±tf4£fc!& I TS 
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[0047] 

( 2 ) mz. wm3 epwmMmtmM-t&iztb. msvF3 o ^co&mi 9 o crct-c 
mmz^wfxt f-^> h *^ts%xbinm&*}x*mmth ztmit lw f-^° 

>ht LT, fltf.Hr, SIH 4 Sffllf**&. S i H 4 c^ff J 3 y 1^ n-^f S ; 1 1 i 
[0048] 

(3) *LT, ««3 6<OiftK*8 0 0iCfc:»SU il3 7^I»«ltf^ CI 
[0049] 

( 4 ) *S B B B W flRfef . 1 0 r P m~-~2 OOrpm, ffiKiil 0 0 r pmft 

5K.V>miEX9£?WRl 0 £ 0163 -£5 . 2 4^BBfift*WJRL,fc^, SKI 0£±#£ 

*HtS8oTV^4iHK*lll**TS/£«>» Mitf, 3 0 0 r P m~~ 1 5 0 0 r pnu ff*L 
<iil OOOrpmffjfftSRl 0£Bfc3-£4£fcj&*#a 1S10H 

immm 

[0050] 

^OtWtrtt, t7r^7SS±t, MOCVDSCioTGaNifa («*§ B B B ) SHE 
JR L , # 5" vJWL&miiZ =fc ~> X 1 1 1 K7C*^DIS B H B ii Lfc . 

[0051] 
(«fe B B B ffM) 

ii\ ±^»R±fc:, «M B B B £ffML*r„ fm±6*«fcJi. t7r^7 (fe B B B 14A 1 
2 o 3 ) fcttfflbfc. SttAfztt, GaN^^rOiii^TcHaM^A^iSML, mocv 
Dffi*fflvvr:±£3«_LteJB]£L;fc. 4^ ±£*«i&£#*n o 2 o°c-i 1 0 cm= 
SrSidfc&lS&U hU^f-^U^A (tmg) tNH 3 J:JiiB±MI±t:«fet 
S^tti^t, «te££7Bj£Lfc. Hi (a) ^fttf±£36RJ:fc:K*3*ifcaE 
««-flJ^^„ ItlOlt ±&*K1 1 t«*S B B B l 2t*mth» 
[0052] 

£<a±3fcLTft6*ifc3HKl OtlHT. Hi (b) fcjjr$-J:3fc:, 8££ B B B 1 2iJc 
GaN*g B B B l 3£j£*3'£fc. £fK GaNfelU 3f5jR*^FS6(CO^'CH2 SfflV^TR 

[0053] 

(HlK7C*M^« B B B ffM) 

4lf, Gat777i?Xtfc§NaJ:Ji£IffiU (Ga : Na (^/kbt) =2. 
7:7. 3K Sffil ObtLlzmH2 6 F^ItC-fe -y M,*>„ OKlZ. *tf tfl 2 6 £ 8 0 0 °Ct;i 
&f#U T>-^— T (4 0M%) ^ii^fLfcSsg^rxS 5 a tm (5X1. 013X 

io 6 Pa) tfofEa-rewfrUfc. im'xtF-A-ybM^tti^tsi^j 

MfiU ^'X«KM2 8tJ:oTiS*=5ri:^M!|*I&^*L^co*>t^ *5UF2 5rtfc£ 
[0054] 

AL=3rV^*^'X|?HMtfcV^T. 50atm(50Xl. 0 1 3 X 1 0 5 P a ) c7)J±7J 
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[0055] 

^mmmTit. Na^777?X»^\ Mtli. Li, Na. K^«T/l-# 

S&S#*#£>;h.& . Wi.tr. NatCat 9 v 7 Xtll Ca^lO 

£ i i: T\ i K) ffi£E-C«*g AWJSj&fnrH'C*) o . 
[0056] 

[0057] 

B B a to^S^yflM(siMS) Sffofc. -f-<0JWglSS*H4 1^-. 04 
, 34 0 0»ff5fi<?Dt-^li, Migc7)|5]ffi#: ( 14 N£3 if' 15 N ) CfcitT-^TfcS. * 

tf> , ^f-v'J raK<0WHHb&* £ fa± L fz . 

[0058] 

^4 0 x?'J--y/W^) tS6Cl*l±S-fr*ii:*«rffii:!3:5. #HHJ! 

[0059] 

/ 5 flU£LL 5 IHT ) 1 1 1 j&&fUM5 JbPft ft£ . IS AUffi^ H - 1° > ^ S *tfc £ 
[0060] 

=3r*5, Witf, lll]S^7U«fcLTGatcJ[ii.TA i*j±t^i n*JKSirr4ifct:«t-3T 
, nffiJcOA 1 G a I n Nfgei&Ux. 3 1 1 IS^*gfcW£«<aWj£fc S . 

[MM 
[0061] 

-3 srt . sstH 2 -c-a , N'-A'yb 1 1 KTaRa^fuue a fc m 
#x£#A-r& ;ticj:o, mfk$mH}&<r>*-tf F-t>^s*utiii«7aESMti«sft 

[0062] 
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JgUtV^Kff (*HtfcW"CI4, iSilMi^SO 0/xmc7)JI^.) tT\ ffiiElIIftffiff: 
[0063] 

jaL/t # . #aKH<9BJ&#ffi ± h b . F F £ tixmz-t MiL if . Hfr 

>K {&R(f. t'Xy^n^y^yX-Zl'V^y^ (Cp 2 Mg : *&oF— 
[0064] 

Mfcoif^TK**-* . ¥a£fk^— 9*9 0 ^)«it^H 5 fcjjr*-. 
[0065] 

±"f, mrlB«JfiMlT-#^^GaN*K9 ^U7lM66 t 5X 1 0 18 cm- 8 

J31T (WifcfO. 7X1 o 18 cm" 3 ) t&S J: 3 (c F-^F i: US i Sr^ElPL^nJg 
GaNB9 2£»j£L3t <1 GaNWfa ( Ga i: Nfc fc-StAlSA) Tli. h'-^VFt 

, U T«K# 5 x l o 1 8 c m-sjaTfcSr* J:3t F-^°y F coafcfflflf t , flffitt^ 
[0066] 

n7BGaNJB9 2_hfc:, n^A 1 0 . 07 G a 0 . 93 ?5 •/ FJg 9 3 fc n 

GaNi^^^M-f FJH94 bH&OLLf:. Ga M I n 0 . 2 N*» 

(I?Stt3nm) tGaNK45^'J7l(fS6nm) fcfc«toT«lRSnfc^aJI 
f#F (MQW) ^tti9 5tUML)t, ^LT, plGaNK^^WFi 
96t P fAl 0 , 07 Ga,, S3 NK5:S?57 F'H 9 7 t , pJ^G aN^f>^S 3 9 
Ff9 8hJML!i t £ fife WJKi^ftlW Jim (Mi-if, MOCVDffi) T-ffMt-^i 

J:t/p»^9-y FSox^/^-^-xTiOi/h^v^ — 3Ktf>B*r¥ti, ?Sttii9 
5f5#F*3W*fc^cS<, filT. 3teJCf-Y F«. ^7 F-Jitf>J«fc/Jv£a>-3fc. 
[0067] 

JBfftLfc. P?g0^5-yFB9 7<7)±gPi5 t J:t/p^3y^^FJl9 8t{i. «i,f L «*g|5 
f:2r4 'J «y Lfc. 
[0068] 

P Jgcor? V* ? FS 9 8t0±f JJtii. 3 y? ? F JI 9 8 i; ;t- 5 •/ 9WA~tt P f JMffi 
lOO^U, niGaNlt9 1tli nffiJG a NSI9 1 t 5 >y 
nfiWfil 0 1«Uc. 
[0069] 
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5r£tT, i«I4 0 4 n m?l/-f M&SI Lit. 
[0070] 

i < ^tnmm*mco±m.m^^ ^ a i „ g ai n (o^xgn j&ft-r 

[0071] 

[HBOffi^lIBjf] 
[0072] 

t hi ] awsq*^Bj»srffiw-fi(!* ^-rxgufmiaT* * . 

*&. 

[H4] ^BJ^-HSfiM^t3(tl.Kjt^«tcJ: 9§^GaN^Z^^-yfi 
[06] ^*^S^ffitcfflv^as«®Sato^T-^J<7)1l)5)c^^^llT-S>S . 

[*re«s] 

[0073] 

i o mm 

i i ±&mm 

1 2 ffllSH 
13 GaNiSA 

2 1,41 -tiWy? 

2 2. 42. 45 J±*Wia^ 
2 3 ^SVl-7" 

2 4 m& 

3 . 2 5. 30 

2 6. 3 5 ±Pfl 

27.44 H — j^y yf}X.9V9 

2 8 . 4 3 fixmwm 

3 1 ftVA'- 

3 2 ipm 

3 3 h — ? 

34a. 34b. 34c mSM 
3 5 JFiCrtf 
3 7 MISS 
3 8 

3 9a. 3 9b — ^ 
300a. 300b, 300c V— y 

4 0 

a. b tfxmxxm 
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9 0 

9 1 mm 

9 2 GaNf 

9 3 ?7-yKJf 

9 4.96 h'S 

9 5. 9 7 iSttS 

98 3>-^^hJl 

9 9 ffi^M 

10 0. 101 WM 

1 tss 

2 Kfotg 

4a. 4b. 4d. 4e. 4f #A#A*°— h 

4 c MI'S 

5 Xfi 

6a. 6b. 6c f}7,9V9 

6 d PM*?- h 

7 MS 
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(72)%BJ# *FP I* 

^RWPWip^JTOl 0 0 6f« £T«»£&f££«*tn 
(72)S&HJ$£ BBS 

(72)«Hg# fe^TK 

*BEJiW:BaTfflljffliS2TB8# A9-310f 
(72)W»# « Ifcfr 

*REfl?PfcfflTfi ill 2 # 1 # 
(72)%HJ# ;r[« 

F^— A(##) 4G077 M02 AA03 AB01 BE11 BE13 BE15 CD05 EA04 EA06 EB01 
EB04 ED01 ED06 HA02 HA12 MB12 MB35 
5F041 CA04 CA05 CA34 CA40 CA49 CA63 



